
                                       AD_________________ 
 
 
Award Number: W81XWH-06-1-0172 
 
 
TITLE: On the Pathophysiology of Cutaneous Café-au-lait Lesions in 
Neurofibromatosis and the Role of Keratinocyte and/or Fibroblast-
Synthesized Cytokines 
 
 
 
PRINCIPAL INVESTIGATOR: Raymond E. Boissy, Ph.D.          
 
 
                
CONTRACTING ORGANIZATION: University of Cincinnati    
                                               Cincinnati, OH 45267 
                                                          
 
 
REPORT DATE:  January 2007 
 
 
 
TYPE OF REPORT:  Final 
 
 
 
PREPARED FOR:  U.S. Army Medical Research and Materiel Command 
                               Fort Detrick, Maryland  21702-5012 
                 
 
 
DISTRIBUTION STATEMENT: Approved for Public Release;  
                                                  Distribution Unlimited 
 
 
 
The views, opinions and/or findings contained in this report are those of the 
author(s) and should not be construed as an official Department of the Army 
position, policy or decision unless so designated by other documentation. 
 



 

 

REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-0188 
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the 
data needed, and completing and reviewing this collection of information.  Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing 
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA  22202-
4302.  Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently 
valid OMB control number.  PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 
1. REPORT DATE (DD-MM-YYYY)
January 2007

2. REPORT TYPE
Final

3. DATES COVERED (From - To)
15 Dec 2005 – 14 Dec 2006

4. TITLE AND SUBTITLE 
 

5a. CONTRACT NUMBER 
 

On the Pathophysiology of Cutaneous Café-au-lait Lesions in Neurofibromatosis   
and the Role of Keratinocyte and/or Fibroblast-Synthesized Cytokines

5b. GRANT NUMBER 
W81XWH-06-1-0172 

 5c. PROGRAM ELEMENT NUMBER 
 

6. AUTHOR(S) 
Raymond E. Boissy, Ph.D. 

5d. PROJECT NUMBER 
 

 5e. TASK NUMBER 
 

E-Mail: boissyre@ucmail.uc.edu   5f. WORK UNIT NUMBER
 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
 

8. PERFORMING ORGANIZATION REPORT   
    NUMBER

University of Cincinnati                                                    
Cincinnati, OH 45267 

 
 
 
 

 
 
 

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S)
U.S. Army Medical Research and Materiel Command   

Fort Detrick, Maryland  21702-5012   
 11. SPONSOR/MONITOR’S REPORT 

        NUMBER(S)

   
12. DISTRIBUTION / AVAILABILITY STATEMENT 
Approved for Public Release; Distribution Unlimited  
 
 
 

13. SUPPLEMENTARY NOTES
  

14. ABSTRACT: 
 
Fibroblasts derived from the CALM lesion of NF1 are capable of inducing melanin synthesis by normal human melanocytes as demonstrated in both an in 
vitro and in vivo model system suggesting that undefined cytokines are synthesized by NF1 fibroblasts putatively resulting in CALM. 

15. SUBJECT TERMS 
Skin, café-au-lait, pigmentation, melanocytes 

16. SECURITY CLASSIFICATION OF: 
 

17. LIMITATION  
OF ABSTRACT

18. NUMBER 
OF PAGES

19a. NAME OF RESPONSIBLE PERSON
USAMRMC  

a. REPORT 
U 

b. ABSTRACT
U 

c. THIS PAGE
U 

 
UU 

 
6

   

19b. TELEPHONE NUMBER (include area 
code)
 

 Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39.18

mailto:boissyre@ucmail.uc.edu


 
 
 

                  Page 
Introduction…………………………………………………………………… 4 
 
Body……………………………………………………………………………       4 
 
Key Research Accomplishments……………………………………………. 5 
 
Conclusion……………………………………………………………………. 6 
 
 



INTRODUCTION 
 
Mutations at the NF1 locus predisposes neurofibromatosis type 1 INF1) patients to skin 
pigmentary abnormalities: hyperpigmented café-au-lait macules (CALM) and axillary & 
inguinal freckling.  The pathophysiology of these NF1-related abnormalities has yet to be 
elucidated.  Much controversial data exists pertaining to the etiology of these pigmentary 
lesions, however the consensus suggests that the melanocyte population in CALM is 
hyperactive resulting in increased pigment synthesis.  However, melanocytes cutured in 
isolation from skin biopsies of NF1 patients demonstrated no, or at most minimal, 
increase in melanization.  This suggests that extracellular factors (i.e., cytokines) in the 
NF1 skin may be the important elements inducing hyperactivity of the melanocytes 
resulting in CALM.  We proposed that an NF1 mutation, and/or loss of heterozygosity, 
causes aberrant production of secretory cytokines by the NF1 fibroblast of the skin that 
ultimately influences the melanocytes resulting in CALM.  This study was designed to 
understand the etiology of CALM in NF1 by assessing interactions between melanocytes 
(M) and fibroblasts (Fb) in cultured derived from NF1 patients.   
 
 
BODY 
 
To test the hypothesis proposed above, we initially assessed the proliferation and 
melanization of cultured M derived from CALM-lesional sites and normal skin under 
normal and promotional (i.e., increased growth factors) conditions.  Subsequently we 
assessed serum-free, conditioned media from cultured Fb derived from CALM-lesional 
sites in comparison to Fb derived from normal individuals, for the ability to stimulate 
proliferation and melanogenesis on cutlured normal M as well as melanocytes derived 
from CALM-lesional sites in several patients with NF1.   
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KEY RESEARCH ACCOMPLISHMENTS 
 
Proliferation and response to growth factors were similar between NHM and NF1 
melanocytes. – Melanocyte cultures were developed 
from 5 patients with NF1 and 5 unaffected individuals.  
Proliferation of cultures were assess in media with 1, 2 
or 5 X growth factors (GF) added.  No statistical 
differences were observed.  
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Induction of melanization by growth factors was enhanced in NF1 melanocytes compared 
to NHM. – Cultures described immediately above 
were assessed for melanin content.  NF1 melanocytes 
exhibited a statistically significant increase in melanin 
by GF.  
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Proliferation in response to conditioned media from NF1-fibroblasts was similar between 
NHM and NF1 melanocytes. – Fibroblasts cultures were developed from 5 patients with 
NF1 and 5 unaffected individuals.  Conditioned media from these cultures was then 
combined with normal melanocyte growth media at various ratios for 10 days and 
proliferation subsequently assessed.  No significant differences were observed among the 
various groups (data not shown). 
 
Induction of melanization by conditioned media from NF1-fibroblasts was enhanced in 
NF1 melanocytes compared to NHM. Cultures 
described immediately above were assessed for 
melanin content.  NHM exhibited a statistically 
significant increase in melanin induced by NF1 
derived Fb as oppose to normal Fb. 
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CONCLUSION 
 
Fibroblasts derived from the CALM lesion of NF1 are capable of inducing melanin 
synthesis by normal human melanocytes as demonstrated in an in vitro model system 
suggesting that undefined cytokines are synthesized by NF1 fibroblasts putatively 
resulting in CALM.   
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